Abstract. Interferometric signals of a homodyne Michelson interferometer appear in sinusoidal forms. In this investigation, new concepts for signal processing of Michelson interferometer are demonstrated. With the utilization of detection of position sensitive detector (PSD) and by the procedure of differential signals and the characteristic of symmetric waveform, a compact signal processing for homodyne Michelson interferometer has been developed. Its advantages include simplified procedure, fast processing and few electronic hardware. For experiment tests of the signal processing, a conventional homodyne Michelson interferometer has been constructed. Major components of the interferometer consist of laser light source, beam splitter, mirrors, PSD and piezo transducer for driving measurement mirror. To verify the performance of the signal processing, a commercial nanopositioning stage as reference standard has been utilized for comparison measurements. Through theoretical analysis and experiment tests, it can be proved that by the developed signal processing an interferometer possesses the optical resolution of 79 nm. With support of the developed signal processing, interferometers will possess the benefits of simply structure, few components and lower cost.
Introduction
In the industrial applications, optical interferometric techniques are usually used to detect dimensions, displacements, and angles, since the wavelength of interference light enables the measurement with precision of sub-micrometer order. The conventional technique for processing interference signal can be classified into two large categories: one can be represented by a phaseshift interferometer [1] using the spatial signal, and the other can be represented by a heterodyne interferometer [2] using the temporal signal.
Both methods have the complicated optical and signal processing systems. In order to verify the direction and to improve the precision, orthogonal signals of most interferometers can be produced by polarized light [3] . Certainly, measurement method by orthogonal signals of spatial encoding in a conventional optical construction is also an effective technique [4] ; however, the precision of the orthogonal signals will be limited due to the shift of DC level, the variation of AC amplitude, and the phase deviation of orthogonal signal. In addition, the instantaneous noise will also be destructive for the precision of subdivision.
To solve above problems, Y.F. Fu et al. proposed a technique based on a linear optical detector array to acquire continuously varying signals that the orthogonal property and the high SNR can be preserved using the statistical correlation of signals, and these have been verified experimentally [5] . Other method based on single frequency interferometer and nonlinear signal compensation technique is proposed [6] , which can achieve high accuracy; however, the signal preprocessing is complicated and slowly.
In this paper, a novel signal processing technique based on characteristics of interference signals, the concept of differential signals and symmetric zero regulation are proposed. By the simple circuit, the signal subdivision and directional verification can be accomplished directly. This technique has the advantages of simple structure and high processing frequency.
Principle of the Interference Signal Processing
Interferometric signals can be described as the superimposed result of two electromagnetic waves (or light beams). For example, in the Michelson's interferometer shown in Fig. l , the different optical paths of its two beams lead to a phase difference φ .
Since the light intensity is the square of the electric field, thus the intensity distribution of the interference field (Eq. (1)) can be rewritten as:
where OPD is the optical path difference, which is a function of the position 1 M . Basically, the intensity of the interference light is distributed harmonically. As shown in Fig. 2 , when φ equals to π k 2 , the interference fringe I is bright; otherwise, when φ equals to
, the fringe is dark. Owing to the symmetric distribution of the bright or dark fringe center, thus the position of symmetric center can be quickly detected out by position-sensor detectors (Fig. 2) . In addition, the measurement result (Fig. 3) should be independent of the DC level and AC amplitude. 
The Structure of Measurement System
The proposed structure of interferometer is shown in Fig. 1 
Since the position of the mirror 2 M at the reference arm is fixed and the position of the mirror 1 M at the measurement arm is moveable, thus according to Eq. (2), optical path change of a half-wavelength (316.4 nm) will result in a period change of fringe distance.
In order to verify the direction of the 1 M displacement, two PSDs with a 90 degree phase difference are used to produce orthogonal signals (Fig. 4) . Since the null difference signal (A-B) between the two ends of the PSD is just located at the center of the bright or dark fringe, and the sum signal (A + B) corresponding to the center of the bright fringe is always far greater than that corresponding to the center of the dark fringe, therefore, according to the magnitude of the sum signal and the null signal, that which fringe is located at the peak value or at the valley value can be decided. 
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In the paper, a concept of the hysteresis comparator is applied that within a specific range the DC drift and the amplitude variation of the sum signal will not affect the decision of the peak or valley value. Since the A-B signal is a differential signal that the effect of the common mode has been eliminated, thus it is not under the influence of the DC drift and the amplitude variation of the A or B signal.
Using the null differential signal of the position sensor detectors (PSD#1 and PSD #2) as the trigger level and comparing the state with that at the previous position, whether left or right movement can be determined.
Experimental Results
The result (Fig. 5) shows that the resolution is about one eighth of the wavelength (or 79 nm). Therefore, the displacement direction can be exactly decided and a fourfold subdivision can be achieved. After repeating measurements and comparisons, the uncertainty of the actual position is less than 20 nm. Especially, this result is independent of the DC drift and the amplitude variation of the interference signal. Thus, it would be suitable for precision measurement in submicrometer range. 
Conclusion
In this paper, a set of interference measurement system is implemented based on the harmonic property, the concepts of differential signal and symmetric zero adjustment are presented. The detector of the system is consisted of two position sensor detectors (PSD) to gain the interference signals. By appropriately locating these two PSDs, signal subdivision and direction verification can be achieved promptly. Advantages of this system are rapid signal processing and simple circuit structure. The experiment results show that exact discrimination of displacement direction and fourfold subdivision can be realized in this system. And the resolution is one eighth wavelength (79 nm). Especially, this presented method of signal processing is independent of the DC drift and amplitude variation of the interference signal. It would benefit for industrial applications.
